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Background of the Invention 


Field of the Invention 

This invention generally relates to optical signal processing cards in add/drop 
10 multiplexers. More specifically, this invention relates to a high-speed optical signal 
processing card that incorporates electrical and optical components on a single card in 
an add/drop multiplexer. 

Description of the Related Art 


1 5 are commonly transmitted using Synchronous Optical Network (SONET) and 

Synchronous Digital Hierarchy (SDH) standards at speeds ranging from 51.84 Mb/s 
(OC-1) to 9.95 Gb/s (OC-192). A wide range of equipment incorporates 
SONET/SDH transmission functionality, including add/drop multiplexers (ADMs) 
which allows digital transmission signals to be removed or inserted from 

20 incoming/outgoing optical streams. 

Because space is limited in telecommunications equipment, it is essential to be 
able to provide the maximum amount of functionality in the minimum volume. As an 
example, optical cards in add/drop multiplexers must operate at very high speeds and 
must contain powerful optical components, but should not occupy multiple slots 
25 within the add/drop multiplexer. This can be particularly challenging at OC-192 
operating speeds, where 10 gigabits per second signals must be routed around the 
card, and where high power optical components must be utilized. In addition, 
crosstalk and thermal issues must be addressed. 


Optical networks are increasing in importance, and high speed digital signals 
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Summary of the Invention 

The present invention provides for a novel board which can support high 
speed optical transmission on a single card, and which does not require an optical 
amplifier to achieve OC-192 data rates through single node links up to 80 kilometers. 
5 This is accomplished through the use of a distributed feedback laser in conjunction 
with an extemal modulator. Separate transmit and receive sections are used on the 
board to reduce crosstalk. High speed electrical multiplexers and demultiplexers are 
used in conjunction with the optical components to achieve the high transmission 
rates on a single card. 

10 Because of the density of optical and electrical components required to 

achieve high speed transmission, heat dissipation is a significant problem. A heatsink 
is utilized which covers more than 60% of the board and which makes contact with 
the optical and electrical components. For those components which do not have 
sufficient height to make contact with the heatsink, padding elements are utilized. For 

15 those components which exceed the clearance of the heatsink, cores are milled into 
the heatsink. This allows for use of a heatsink which has uniform clearance fi-om the 
board but which allows for contact with a diversity of components through the use of 
padding and cores. 

The foregoing has outlined rather broadly the objects, features, and technical 
20 advantages of the present invention so that the detailed description of the invention 
that follows may be better understood. 


Brief Description of the Drawings 


FIG. 1 illustrates a 3-D assembly side view of one embodiment of the 


invention; 


25 


FIG. 2 illustrates a 3-D isometric view of one embodiment of the invention 


with the heatsink shovm in an exploded view; 


FIG. 3 illustrates the board layout with the fiber track; 
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FIG. 4 illustrates a bottom view of the heatsink. 


The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
accompanying drawings. The use of the same reference symbols in different 
5 drawings indicates similar or identical items. 


Detailed Description 


Fig. 1 is a 3-dimensional assembly side view of one embodiment of the 
invention in which printed circuit board (PCB) 100 coupled with heatsink 110 having 
a plurality of cooling fins 1 12 is connected to the backplane of an add/drop 
10 multiplexer through backplane connector 120. Heatsink 1 10 is used to remove heat 
from both the electrical and optical components, which is dissipated through cooling 
fins 1 12. Semi-rigid coaxial cable 1 14 is utilized to connect high speed components 
such as modulator/driver 130 with other electrical and optical components. 

Front plate 140 covers the front of PCB 100 and includes mechanisms 142, 
15 144 for inserting and removing PCB 100 in a rack of equipment which forms an 

add/drop multiplexer. Front plate 140 may also include indicators, such as LEDs 146, 
which indicate the operating status of PCB 100. Front plate 140 may also include 
openings for access to receive (RX) port 148 and transmit (TX) port 150. 

SONET is a data transmission mechanism known in the art that is defined by a 
20 set of electrical as well as optical standards. The basic building block in SONET is 
the synchronous transport signal level- 1 (STS-1), which transports packets of data as 
a 51.840 Megabit per second serial transmission using an optical carrier level- 1 (OC- 
1) optical signal. The grouping of a specified set of bytes in the STS-1 is called a 
frame. An STS-1 frame consists of 810 bytes (6480 bits). Optical carrier Icvcl-N 
25 (OC-N) and synchronous transport signal level-A'^ (STS-7V) correspond to the optical 
and electrical transmissions respectively, of the same data rate. Higher data rates are 
transported in SONET by synchronously multiplexing lower level modules 
together. For example, OC-3 corresponds to a line rate of 155.52 (3 times 51.840) 
Megabytes per second, and OC-192 corresponds to 9953.28 (192 times 51.840) 
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Megabytes per second. The electrical and optical components on PCB 100 are 
capable of communicating data at the OC-192 rate. 


10 


15 


Fates"^"3-= ^imonoional i s ometric view of onc - einbudinieiU of T he 
invention with heatsink 110 shown in exploded view. Fig. 2 shows a pluralitv^f"^ 
electrical and optical components which enable transmission and receptipirof data at 
the OC-192 rate. Modulator/driver 130 is connected via semi-rigjji^axial cable 114 
to external modulator 262. In one embodiment, modulatoji/dnver 130 provides 
amplification of digital signals received from ele^ftiCal components on PCB 100 and 
produces an 7 volt peak to peak signal w\)i€f\AS received, via semi-rigid coaxial cable 
1 14, by external modulator 262^far6ne embodiment, external modulator 262 is a 
commercially available tij^mim-diffused lithium niobate modulator. Distributed 
feedback (DFB) l^sef250 is used in conjunction with external modulator 262 that 
incorporatg^^mtings to compensate for the dispersion of the optical signals. In one 
embpdirnent, DFB laser 250 operates in the 1555-1560 nanometer range and produces 

=m) milliwnfts-minirrmTn ^ f optical output power. 


Signals from DFB laser 250 are routed via optical fiber around fiber track 260 
where it is subsequently received by extemal modulator 262. Fig. 3 shows one 
embodiment of fiber track 260 for retaining fiber cable and routing it to optical 
components on PCB 100. For example, the embodiment of fiber track 260 shown in 

20 Fig. 3 is positioned on PCB 100 to route fiber cable to and from optical components 
such as modulator/driver 130 and extemal modulator 262. Fiber track 260 may be 
substantially open to facilitate installing and removing fiber cable, and may include a 
plurality of overhanging tabs, such as tabs 302, to help retain fiber cable in fiber track 
260. Fiber track 260 may also be used for routing various types of commimication 

25 cables in addition to fiber optic cable. 

Fiber track 260 may be one unitary structure, or it may include two or more 
sections as shown in Fig. 3. One or more of several known means may be used to 
retain fiber track 260 in PCB 1 00 including pegs (not shown) that snap into openings 
(not shown) in PCB 100. 
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Referring back to Fig. 2, avalanche photo diode receiver 224 receives optical 
signals. A DC bias monitor photo detector 252 is used in conjunction with external 
modulator 262 to obtain the appropriate DC biasing. In one embodiment, the 
avalanche photodiode receiver 224 is a Fujitsu FRM-5N142DSS/051 receiver. 


5 The electrical components used to form electrical signals include a 1:16 

demultiplexer 210 and a 16:64 demultiplexer 220 which can present the 
demultiplexed OC-192 signal to the ASIC (234). Amplifier 222 receives signals from 
avalanche photo diode receiver 224 and enables reception of high speed and heavily 
attenuated optical signals received on input optical fiber. The input optical fiber is 
10 connected to RX port 150. TX port 148 is connected to output optical fiber. 

A microprocessor 232 is used to control the various components on PCB 100 
including application specific integrated circuit (ASIC) 234 for 155 MHz cross- 
connection interfaces. A 64:16 multiplexer 236 is used in conjunction with a 16:1 
multiplexer 238 to form signals for transmission. 

15 The electrical and optical components on PCB 100 dissipate a substantial 

amount of heat, and it is important for heatsink 1 10 to maintain contact with key 
components. In the prior art, individual heatsink elements are affixed to the top of a 
corresponding component. In the present invention, heatsink 1 10 is dimensioned to 
contact all or a substantial number of key components on PCB 100, thereby reducing 

20 or even eliminating the need for numerous individual heatsink elements. Further, in 
some configurations, there is not enough room for adequately sized, individual 
heatsinks. 

PCB 100 is typically installed in a slot in a rack that contains other equipment 
to form an add/drop multiplexer. The width of the slot is fixed, and in many cases, 
25 approximately the same amount of space is available on either side of the slot. It is 
desirable to provide a constmction of PCB 100 and heatsink 110 that does not require 
neighboring slots in the rack to be left unoccupied to accommodate PCB 100. 
Further, PCB 100 and heatsink 110 must accommodate various sizes of components 
on PCB 100 while staying within the dimensions allowed. 
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One way to accommodate various dimensions of electrical and optical 
components within the space available in the rack is to include openings in PCB 100 
into which the components may be embedded. The openings allow a component to 
occupy space on both sides of PCB 100. Advantageously, these openings allow 
5 components to be positioned at approximately the same height on the upper surface of 
PCB 100, so that the bottom side of heatsink 110 can be substantially flat. Fig. 3 
shows an example of PCB 100 having a first opening 304 for embedding DFB laser 
250 (Fig. 2), and a second opening 306 for embedding avalanche photodiode receiver 
224, 


1 0 Another way to accommodate various dimensions of electrical and optical 

components within the space available in the rack is to include openings in heatsink 
110. Fig. 4 shows .an example of heatsink 110 with openings 402 through 410, which 
allow room for connector 152 (Fig. 1), voltage controlled crystal oscillator (VCXOS), 
receive and transmit ports 148, 150, and modulator driver 130, respectively. 

15 An additional advantage of providing openings 304, 306 (Fig.3) in PCB 100, 

and openings 402 through 410 (Fig. 4) in heatsink 1 10 is that the height of cooling 
fins 114 (Fig. 1) can remain substantially constant, as best illustrated in Fig. 2. This 
is because heatsink 110 can be mounted directly over a substantially constant level of 
other components on PCB 100. It is important to note that openings 402 through 410 

20 may be dimensioned so that one or more of the sides of the openings contact the 
components that require cooling. Further, openings 402 through 410 may be 
dimensioned to accommodate components from the same or different vendors that 
may have different dimensions. 

Another consideration in the construction of heatsink 1 10 is that the 
25 dimensions of components that lie under the heatsink 110 may vary between 

individual components. For example, the height of 1 : 1 6 demultiplexer 210 may vary 
from one demultiplexer to the next, even when supplied by the same component 
manufacturer. It is important for heatsink 1 10 to contact at least a portion of a 
component that requires cooling. When all of the components upon which heatsink 
30 110 rests are the same height, heatsink 110 draws heat firom the top of the 

components. This may not be achieved if the height of the component is lower than 
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other components upon which heatsink 110 rests. A different problem can occur if 
the height of one or more components is higher than usual, because heatsink 110 will 
be raised above the top surface of the othesr components. 

In one embodiment of the present invention, the problems associated with 
varying heights of components is alleviated by adding or removing heat-conductive 
material between the component and the bottom of heatsink 110. Fig. 4 shows 
outlines of pads 412, 414, 416, 418, and 420 where compliant heat conductive 
material has been added to contact the upper surface of components that are lower in 
height than other components. Fig. 4 also shows outlines of indentations 422, 424, 
where heat conductive material has been removed so that heatsink 110 contacts the 
upper surface of components that are greater in height than other components. Note 
that the amount of material added or removed may vary from component to 
component, depending on the variation in height. 

In one embodiment, heatsink 1 10 is fastened to PCB 100 using bolts, however, 
any type of suitable fastening device or technique may be utilized. Fastening heatsink 
1 10 to PCB 100 reinforces and improves the durability of PCB 100, especially in 
assemblies where there are a number of openings in PCB 100. 

' Another featnrp of the pr e sent i n^T iili u ii is ( 1i ; H l UiliMIM il rf^fvINT 

components are positioned in separate sections to improve isolation, thereby reducjjag 
noise. For example, in the embodiment shown in Fig. 2, receive componenj^^ 
including 1:16 demultiplexer 210, 16:64 demultiplexer 220, amplifiejv^^, are 
positioned on one side of PCB 100, while transmit componenfs^cluding 64:16 
multiplexer, 16:1 multiplexer, and modulator driver pj:©^p 240 are positioned on the 
other side of PCB 1 00. 

Another feature of theas^embly shown in Fig. 2 is that components that are 
highly sensitive to tepapgrature variations are positioned on PCB 100 so that they 
receive thej^i:^st volume and lowest temperature of cooling air. These components 
inrftrfle^for example, modulator driver 130, and DFB laser 250 
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Another feature of the present invention is that the layout of PCB lO^-ppovMes 
space and is adaptable for using components from a number of supptrgfs! For 
example, adequate clearance space is provided on PCBlJO©^foaccommodate the 
largest modulator driver available, and modijlat(5farivers from other manufacturers 
5 will thus also fit in the space. It i§j«lportant to note that if the opening in heatsink 
1 10 is too large for the^cerfesponding component, heat conductive may be added 
around aU^asfaportion of the perimeter of the opening so that heatsink 110 comes 
-mt crcuulact with lhe i X)mponcnt - 

Another feature of the present invention is that relatively low-cost printed 
10 circuit board material, commonly designated in the art as FR-4, may be used for PCB 
100 for signals up to 10 gigahertz. PCB 100 also uses minimum high frequency trace 
lengths and large trace widths for minimum conductive loss in a coplanar structure. 
Additionally, the traces transition to semi-rigid coaxial cable 1 14 to interface with 
electrical components. 

1 5 PCB 1 00 advantageously provides a relatively low cost, single card assembly 

for high-speed optical signal processing. PCB 100 requires less volume than known 
high-speed optical signal processors and is also hot-swappable for upgrading existing 
15454 ONS OC-48 signal processing implementations. Further, the layout can easily 
adapt to take advantage of future component integration, cost reduction, and 

20 performance improvements with minimal change required in the layout of PCB 100. 

The card assembly has error- free performance without an erbiimi doped fiber 
amplifier (EDFA) over an 80 kilometer fiber link of single node fiber. The card 
assembly also has error- free performance (without an EDFA) over low dispersion 
single node fiber and negative dispersion single node fiber. The error-free 
25 performance is due to the 40-milliwatt minimum power DFB laser 250 and external 
modulator 262, which incorporates gratings for dispersion compensation. 

While the invention has been described with respect to the embodiments and 
variations set forth above, these embodiments and variations are illustrative and the 
invention is not to be considered limited in scope to these embodiments and 
30 variations. Accordingly, various other embodiments and modifications and 
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improvements not described herein may be within the spirit and scope of the present 
invention, as defined by the following claims. 
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